ABSTRACT: Assumptions of normality in most animal breeding applications may make inferences vulnerable to the presence of outliers. Heavy-tail densities are viable alternatives to normal distributions and provide robustness against unusual or outlying observations when used to model the densities of residual effects. Our objective is to compare estimates of genetic parameters by fi tting multivariate normal (MN) or heavy-tail distributions [multivariate Student's t (MSt) and multivariate slash (MS)] for residuals in data of body birth weight (BBW), weaning (WW), and yearling (YW) weight traits in beef cattle. A total of 17,019 weight records for BBW, WW, and YW from 1998 through 2010 from a large commercial cow/calf operation in the sand hills of Nebraska were analyzed. Models included fi xed effects of contemporary group and sire breed whereas animal and maternal effects were random and the degrees of freedom (v) was treated as unknown for MSt and MS. Model comparisons using deviance information criteria (DIC) favored MSt over MS and MN models, respectively. The posterior means [and 95% posterior probability intervals (PPI)] of v for the MSt and MS models were 5.28 (4.80, 5.85) and 1.88 (1.76, 2.00), respectively. Smaller values of posterior densities of v for MSt and MS models confi rm that the assumption of normally distributed residuals is not adequate for the analysis of BBW, WW, and YW datasets. Posterior mean (PM) and posterior median (PD) estimates of direct and maternal genetic variances were the same and posterior densities of these parameters were found to be symmetric. The 95% PPI estimates from MN and MSt models for BBW did not overlap, which indicates signifi cant difference between PM estimates from MN or MSt models. The observed antagonistic relationship between additive direct and additive maternal effects indicated that genetic evaluation and selection strategies will be sensitive to the assumed model for residuals.
INTRODUCTION
Assumptions of normality for residuals in most animal breeding applications may make inferences on model parameters vulnerable to the presence of outliers Gianola, 1998, 1999; Cardoso et al., 2005) . Most fi eld data exhibit more outliers than would be expected if the distributions of residual effects were normal. Heavy-tailed densities have been reported to be viable alternatives to assuming normal distributions and provide robustness against unusual or outlying observations when used to model the densities of residual effects (Kizilkaya et al., 2003 (Kizilkaya et al., , 2010 Kizilkaya and Tempelman, 2005) . Among a number of alternative distributions that exhibit heavy tails, Student's t and slash distributions are appealing because they are symmetric and converge to normal distributions as their corresponding degrees of freedom exceed 50 and 20, respectively. Arguments for and against univariate approaches for estimation of genetic parameters have been presented (Gianola and Sorensen, 1996; Stranden and Gianola, 1999; Kizilkaya et al., 2003; Cardoso et al. 2005; Kizilkaya and Tempelman, 2005; Kizilkaya et al., 2010) and have indicated that univariate approaches might not be extracting the full information content of the data. Multivariate approaches that directly model all measurements on 1 subject by estimating covariance structure may better use the information in the data set and provide trait-specifi c estimates of genetic effects at the cost of greater computational burden and more complex interpretation of the information (Yang et al., 2003) . Gianola and Sorensen (1996) described how univariate and multivariate heavy-tailed (Student's t) distributions could be fi tted in Bayesian models suitable for animal breeding. In this study, we compared 2 approaches by fi tting multivariate Student's t (MSt) or multivariate slash (MS) distributions with unknown degrees of freedom for the residuals in multivariate growth data and compared the results from MSt and MS with those from multivariate normal (MN) distributions for the residuals.
MATERIALS AND METHODS

Data Set
Animals were handled and managed according to Institutional Animal Care and Use Committee guidelines of Cornell University. Performance records for this study came from a large commercial ranch with a population of approximately 20,000 composite animals located in the sand hills of Nebraska. Composite cattle population of the ranch comprises Angus, Simmental, Red Angus, and South Devon breeds. The population is divided into commercial and seedstock cattle herds. The seedstock population consists of females that were selected from all heifers born on the ranch (commercial or seedstock) at the time they were checked for the third pregnancy.
The females in this study represent a composite breed made up of predominantly Simmental, Angus, South Devon, and Red Angus. Other breeds are, however, represented in some individuals to a minor degree. These females were bred to sires that were composites (85.6%), Angus (6.5%), Angus composite (F1 Angus × Composite; 4.0%), Simmental (3.4%), and Red Angus (0.5%; Fig. 1 ). At the ranch, calves are born and raised in 1 of several pastures at each of the subdivisions of the ranch. At weaning, the females from each of those pastures are merged together as a group at the subdivision and managed as a group until the third pregnancy check, at which time they are divided between the seedstock or commercial division or culled.
A total of 17,019 body birth weight (BBW), weaning weight (WW), and yearling weight (YW) performance records on female calves were obtained from birth years 1998 to 2010. Data selection was restricted to only animals with all 3 growth trait records. The data set included pedigree information, contemporary groups, and breeds of sire. The pedigree included 26,841 individuals sired by 400 sires. Only AI bulls were imported from other farms. The pedigree was not complete back to the base population. Including all pedigree information for genetic evaluation is often impossible in the practical world. In such cases, Phocas and Laloe (2004b) indicated that whatever the data design, a model of genetic evaluation without genetic groups was preferred to a model with genetic groups when the genetic trend was in the range of likely values (0 to 20% of genetic SD) in cattle breeding programs. Therefore, in this study pedigree information without genetic group was used to defi ne additive and maternal genetic effects. There 
v is the degrees of freedom with density function (Rosa et al., 2003) .
Marginal Residual Variances, Heritabilities, and Genetic Correlations for
Multivariate Normal, Student's t, and Slash Models R 0 ) in MSt and MS models cannot be used directly to estimate heritabilities be appropriately transformed into marginal residual variance and covariance parameters (R E ) for MN using R E = R 0 , for MSt using R E = R 0 v/(v v > 2, and for MS models using R E = R 0 v/(v v > 1, respectively, as given by Stranden and Gianola Direct and maternal ( to the multivariate data set 
RESULTS AND DISCUSSION
The mean values of 34.8 kg for birth weight recorded in this study (Table 1) is similar to 33.7 and 35.7 kg reported by Snelling et al. (2010) and Peters et al. (2012) for Angus and Brangus cattle, respectively. These values are, however, less than 39.6 kg reported for BBW in Italian Piedmontese cattle studied by Kizilkaya et al. (2010) . Breed differences with respect to birth weight and biological type are well-known phenomena in both pure and crossbred beef cattle (Snelling et al., 2010; Williams et al., 2010; Casas et al., 2011) . The mean value for WW for cattle from the data from this ranch as presented in Table 1 is less than those reported for pure Angus, Hereford, Redpoll, and their reciprocal crosses (Oxford et al., 2009) . They are also less than values for German Angus, Simmental, and their reciprocal crosses (Brandt et al., 2010) . Differences in WW have been attributed to maternal environmental effects, breed effects, and management (Oxford et al., 2009; Williams et al., 2010; Casas et al., 2011) . The mean value of YW reported in this study is less than values reported by Snelling et al. (2010) for Angus and by Peters et al. (2012) for Brangus. This is likely due to the fact that this ranch placed selection emphasis on moderate mature size in the cow herd, which has the tendency to decrease other weights.
The multivariate analyses of growth traits produced DIC values of 370,083, 363,486, and 366,275 for MN, MSt, and MS, respectively. Kizilkaya et al. (2002 Kizilkaya et al. ( , 2003 reported that smaller DIC values are indicative of better data fi t suggesting that MSt was the best fi tting model in this study. This result was consistent with previous studies showing that Student's t models were better fi ts to clinical mastitis (Chang et al., 2006) , postweaning gain (Cardoso et al., 2007) , birth weight, and gestation length data sets when compared with slash or normal distributions (Kizilkaya et al., 2010) . Cardoso et al. (2005) has demonstrated that normally distributed residuals are not the best fi t for growth data. They looked at 3 alternative specifi cations for the marginal density of residuals (i.e., Gaussian, Student's t, or slash). In their study, pseudo-Bayes factors derived from log marginal likelihood function showed that heteroskedastic t-error model provided the best fi t to the data among the 6 different residual specifi cations considered. They concluded that the conventional homoskedastic Gaussian error model in which residuals were assumed normal and independently and identically distributed with common residual variance was the poorest choice for the dataset. Univariate Student's t and slash models were fi tted for BBW, WW, and YW and the posterior distributions of the degrees of freedom were independently assessed for each trait within Student's t or slash model. The posterior distributions of v for BBW, WW, and YW from the univariate Student's t or slash models overlapped reasonably well (Table 2) . Based on this knowledge, we fi tted the robust multivariate models with unknown degrees of freedom for the analysis of BBW, WW, and YW in this study. The posterior distributions of v from the MSt and MS models are given in Fig. 3 . The posterior means of v for the MSt and MS models were 5.28 and 1.88, respectively, with 95% of PPI of 4.80, 5.85; 1.76, 2.00, correspondingly. These densities characterized by small values of v for MSt and MS models are less than 50 and 20, which confi rm that the assumption of normally distributed residuals is not adequate for the analysis of BBW, WW, and YW datasets. These results are similar to the reports of Albert and Chib (1993) , who studied Bayesian analysis of binary and polychotomous data using a Student's t link function and assigned a discrete prior distribution to the degrees of freedom. They found that a low value of degrees of freedom parameter was supported in that specifi c dataset suggesting that the underlying distribution was not normal. Kizilkaya et al. (2010) also reported similar results when they compared the posterior means of Student's t and normal models for Piedmontese gestation length and BBW data.
Diffi culties in separating additive genetic (both direct and maternal) and environmental maternal effects (Willham, 1980; Meyer, 1992b) using fi eld data continue to exist. There are indications that when only 1 of these effects (maternal genetic or permanent environmental) is considered in the model of analyses, most of the maternal variation is likely to be accounted for (Meyer, 1992a) . Posterior mean, median, and 95% PPI estimates of 2 a σ and 2 m σ genetic variances from MN, MSt, and MS models for BBW, WW, and YW are in Table 3 . Posterior mean and PD estimates of 2 a σ and 2 m σ were the same and posterior densities of these parameters were found to be symmetric. Posterior mean estimate of 2 a σ for BBW was greatest (8.1 ± 0.7) for MSt followed by 7.3 ± 0.8 for MS and the least value (5.3 ± 0.6) was reported in MN. The 95% PPI estimates of 2 a σ from MN and MSt models for BBW were found to be nonoverlapping, indicating In a multibreed population, the additive variance of an individual is the weighted average additive variances of the pure breeds contributing to the population and a function of the segregation variances (Lo et al., 1993) . The segregation variances will contribute to the variance of the individual only if 1 of both parents is a crossbred. Therefore, if we consider the composites to be purebred in that they have reached gametic equilibrium between trait loci, segregation variances will not contribute to the additive variance of any individual in the data analyzed. Furthermore, 85% of the individuals were composites with the same sire and dam composite breed. In the remaining 15% of crossbred individuals, the variance will be the mean of the sire and dam breed variances. 4-206.1 201.3 ± 12.8 201.2 176.1-226.3 194.8 ± 11.4 194.5 -81.4 ± 8.8 -81.0 -99.7-65.5 -61.8 ± 6.0 -61.8 -73.5-50.0 -61.5 ± 6.0 -61.4 -73.2-49.9 WW YW a m σ -54.9 ± 9.5 -54. 5 -73.9-36 -68 ± 7.5 -68.0 -82.4-53.3 -63.3 ± 6.8 -63.2 -77.2-50 This may lead to outliers and favor models with heavytailed distributions. Posterior means of additive direct and maternal genetic correlations are in Table 6 . The posterior means of genetic correlations (-0.17 ± 0.10, -0.49 ± 0.07, and -0.44 ± 0.08) between direct and maternal effects of BBW from MN, MSt, and MS models are all negative but more negative for MSt and MS than MN distributions. These results were similar to those reported by Koots et al. (1994a) and Phocas and Laloe (2004a. Similar negative correlations were obtained when the 3 models were compared for genetic correlations between direct and maternal effects for WW and YW (Table 6 ). The negative correlations between additive direct and maternal effects for WW in this study are stronger than those reported by Koots et al. (1994b) 
